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On the Largest Modulus of the 
Eigenvalues of Real and Complex Matrices 
by EZRA ZEHEB”’ 
Let M = {mij} be a square n x n real matrix. Let Mi be a principal minor of M of 
order i. Let 
aj=(-l)“-iCM”_i, i=o ,..., n-l, 
where the sum is over all principal minors of the same order, and denote 
Aij = 
1 ui”j_ 1 - UjUi- 11 
Iail + lajl ’ 
i,j=O,...,fl, j>i: Iail + IajI f0 
Then, it is shown that all the eigenvahres of M lie in the circle 
IzI < 1 +max{Aij}. 
Let now M be a square n x n (possibly) complex matrix, and let ai be defined as 
above. Let p. be defined as follows: 
laoI l/i 
pr 4 min - 4 11 Iail ’ i= l,...,n- 1, 
and suppose that or is obtained for i = i,. If 
gj, J? 1 + 1 ail ( (il - n + I)&” 2 0 
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then 
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If g;, < 0, define 
pz g min - 
ii 
Iail & 1 I Iail ’ i= l,...,n- 1, i # ii, 
and suppose that pp is obtained for i = is. If 
g;, g 1 + ) Ui*) (“2 - n + l)$” 3 0 
then 
po=min(pz,[~ail~(n-il-l)]l~n~i~~). 
If g:, < 0, continue with this process, which is terminated when gi > 0 or when all 
values of i = 1,. . , n - 1 are exhausted. Suppose that pa was obtained from 
~~=rnin{o~+~.[~e~,~(n-i~-l)]~‘~~-~”), i,AO. 
Then it is shown that all the eigenvalues of M lie in the circle 
IzI <po+ Iai,I&n+l. 
Note that the second result, which is applicable for both real and complex matrices, 
may be used to ensure strict “stability” of matrices. 
These results, along with their proofs, appear as Corollaries 1.1 and 2.1 in [19]. 
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On Massively Parallel Row-Action Algorithms 
for Some Nonlinear Transportation Problems 
by STAVROS A. ZENIOS2’ and YAIR CENSORLz3 
1. Introduction 
We consider nonlinear optimization problems with transportation constraints. Such 
problems appear in several areas of applications, mainly in logistics and transportation 
planning. Most common instances of matrix balancing problems are also formulated 
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